INTRODUCTION
============

Transarterial chemoembolization (TACE) is the most commonly performed therapy for inoperable hepatocellular carcinoma (HCC),although the necessity of chemotherapeutics is still controversial \[[@b1-cmh-2019-0016],[@b2-cmh-2019-0016]\]. Now, two major techniques are performed: TACE using iodized oil (Lipiodol 480; Guerbet Japan, Tokyo, Japan) emulsion and gelatin sponge (GS) particles (conventional TACE; cTACE); and TACE using drug-eluting beads. The former technique has been mainly developed in Asian countries, and it is a standard treatment option for localized HCCs. However, the therapeutic effects of cTACE are strongly influenced by technical aspects \[[@b3-cmh-2019-0016]-[@b5-cmh-2019-0016]\]. Ultraselective cTACE is defined as cTACE at the most distal portion of the tumor-feeding subsubsegmental hepatic artery and has a strong therapeutic effect on HCCs \[[@b5-cmh-2019-0016]-[@b8-cmh-2019-0016]\]. Therefore, it is important to understand the rationale and techniques of ultraselective cTACE.

WHY IS ULTRASELECTIVE cTACE NECESSARY?
======================================

Complete response at the first TACE is the most robust predictor of a favorable outcome \[[@b9-cmh-2019-0016]\]. It is well-known that TACE loads hypoxic and chemotherapeutic stress on HCC and the surviving tumors frequently change to sarcomatous \[[@b10-cmh-2019-0016]\] or mixed hepatocholangiocellular11 phenotypes, which are usually more aggressive and TACE-resistant. Hypoxia induced by TACE also stimulates vascular endothelial growth factor (VEGF) production by the residual tumor cells \[[@b12-cmh-2019-0016]\]. Intrahepatic distant recurrence also develops more frequently in patients with local tumor progression after cTACE than in patients without local tumor progression \[[@b13-cmh-2019-0016]\]. This indicates that some intrahepatic distant recurrence may be related to local tumor progression: metastases from locally progressed tumors or newly developed tumors promoted mainly by high expression of VEGF production from the residual tumor cells. Furthermore, some surviving tumors are fed by collateral vessels \[[@b14-cmh-2019-0016],[@b15-cmh-2019-0016]\], and infrequently by the portal vein if the arterial branches including extrahepatic collateral arteries are severely damaged \[[@b16-cmh-2019-0016],[@b17-cmh-2019-0016]\]. These suggest that TACE is also associated with the risk of causing uncontrollable tumors. Therefore, "curative TACE" is necessary to obtain favorable outcomes.

TACE damages not only the liver parenchyma but also the hepatic artery by arteritis, and attenuation of the hepatic artery reduces the hepatic function \[[@b18-cmh-2019-0016]\] and exaggerates the development of extrahepatic collaterals \[[@b14-cmh-2019-0016],[@b15-cmh-2019-0016]\]. To prolong the duration of transcatheter management, damage to the hepatic artery by TACE should be minimized. In addition, selective catheterization can reduce the total dose of iodized oil and minimize liver toxicity. Therefore, ultraselective cTACE is a skill that overcomes the negative effects ofTACE.

RATIONALE FOR ULTRASELECTIVE cTACE
==================================

Moderately to poorly differentiated HCC tissue is predominantly supplied by arterial blood \[[@b19-cmh-2019-0016]\]. However, some tumor portions, such as capsular and/or extracapsular tumor invasions, microsatellite lesions, and well differentiated tumor portions, are usually supplied by both the hepatic artery and portal vein \[[@b3-cmh-2019-0016]\]. Additionally, portal blood flows into the tumor via the drainage route from HCC when hepatic arterial flow is blocked \[[@b20-cmh-2019-0016]\], and this may help tumor survival after TACE \[[@b16-cmh-2019-0016],[@b17-cmh-2019-0016]\]. Moreover, some arterial blood can also supply the tumor through intra- and/or extrahepatic microarterial communications \[[@b21-cmh-2019-0016],[@b22-cmh-2019-0016]\]. As a result, tumor tissues supplied by collateral flows including portal blood, in addition to the tumor portions originally supplied by both arterial and portal blood, may survive mainly at the periphery of HCC when the arterial side is simply blocked with a particulate embolus \[[@b7-cmh-2019-0016],[@b8-cmh-2019-0016]\].

Iodized oil is a semi-fluid embolic agent that can embolize the capillary vessels and enhance the ischemic effects of TACE. Iodized oil injected into the hepatic artery is first retained in the tumor sinusoids. When pooling iodized oil has exceeded a certain volume in the tumor sinusoids, some flows into the portal veins through the peribiliary plexus and drainage route from HCC \[[@b5-cmh-2019-0016],[@b23-cmh-2019-0016]\]. The overflowing iodized oil can temporarily block reversed portal flow toward the tumor. In addition to the inflow of iodized oil in the portal vein, some also flows into the neighboring hepatic arterial branches, and sometimes into the extrahepatic arteries \[[@b22-cmh-2019-0016],[@b24-cmh-2019-0016]\], mainly through the isolated artery and capsular arterial plexus of the liver \[[@b22-cmh-2019-0016]\]. This allows embolization or identification of "an occult tumor-feeder". However, the embolic effect of iodized oil emulsion is temporary; therefore, arterial blockage with a particulate embolus is necessary. By adding GS particle embolization, both the hepatic artery and portal vein are embolized and not only complete necrosis of the tumor but also massive peritumoral necrosis can be achieved \[[@b4-cmh-2019-0016]-[@b8-cmh-2019-0016]\].

It is well-known that the catheter position during cTACE strongly influences the local therapeutic effects and outcomes \[[@b3-cmh-2019-0016]-[@b5-cmh-2019-0016]\]. In ultraselective cTACE, embolic agents distally flow away due to not only physiological blood flow but also the injection force generated by blockage of the backflow of embolic agents by a catheter's mass effect and stretching of the catheterized tumor-feeder ([Fig. 1](#f1-cmh-2019-0016){ref-type="fig"}).This condition enables active injection of embolic agents and the dose of iodized oil reaching the portal veins increases \[[@b5-cmh-2019-0016]-[@b8-cmh-2019-0016]\]. In other words, ultraselective cTACE enables injection of a larger volume of embolic agents into the limited area under non-physiological hemodynamics. Therefore, the effect of ultraselective cTACE is not as markedly influenced by the tumor morphology or vascularity([Fig. 2](#f2-cmh-2019-0016){ref-type="fig"}, [3](#f3-cmh-2019-0016){ref-type="fig"}) \[[@b7-cmh-2019-0016],[@b8-cmh-2019-0016],[@b25-cmh-2019-0016]\].

INDICATION OF ULTRASELECTIVE TACE
=================================

According to the Barcelona Clinic Liver Cancer (BCLC) staging system, TACE is recommended for intermediate-stage (stage B) HCC patients \[[@b26-cmh-2019-0016]\]. However, this stage includes various tumor conditions and there is no consensus on which tumors are indicated for superselective TACE. TACE techniques impact on patient survival, and selective/superselective cTACE could achieve a significantly better prognosis compared with non-selective cTACE in patientswith HCC ≤7 cm and ≤5 lesions \[[@b27-cmh-2019-0016]\]. Among BCLC-B HCC patients treated with cTACE, better overall survival was achieved in a patient subgroup with Child-Pugh A class and tumors ≤7 cm and ≤4 lesions \[[@b28-cmh-2019-0016]\]. The Child-Pugh score was also a significant prognostic factor, and the prognosis of Child-Pugh score 9 patients after cTACE was poorer than that of the best supportive care group in a previous randomized controlled trial \[[@b29-cmh-2019-0016],[@b30-cmh-2019-0016]\]. These suggest that patients with Child-Pugh score ≤8 and HCC ≤7 cm and ≤4--5 lesions are good candidates for ultraselective cTACE. On considering the limitation of the dose of iodized oil (≤10 mL in a single session \[[@b31-cmh-2019-0016],[@b32-cmh-2019-0016]\]) and the size of embolized areas, ultraselective cTACE is mainly performed for tumors ≤5 cm. In addition, ultraselective cTACE is an alternative treatment for selected BCLC 0--A HCC patients because it can achieve complete necrosis of some less hypervascular tumors by the active injection of embolic agents into a tiny tumor-feeder ([Fig. 3](#f3-cmh-2019-0016){ref-type="fig"}) \[[@b25-cmh-2019-0016]\].

TECHNIQUES OF ULTRASELECTIVE cTACE
==================================

The embolic effect of iodized oil emulsion can be changed by preparation techniques. The yield stress values of water-in-oil emulsion are more than 47 times higher than those of oil-in-water emulsion \[[@b33-cmh-2019-0016]\]. Therefore, water-in-oil emulsion has a stronger embolic effect than oil-in-water emulsion and pure iodized oil \[[@b34-cmh-2019-0016]\]. In addition, adding arterial blockage with GS particles can increase the intratumoral concentration of chemotherapeutics and decrease the blood levels \[[@b35-cmh-2019-0016]\]. A recent report showed that the mean diameter of tumor-feeders supplying tumors 7--63 mm (mean±standard deviation \[SD\], 20.3±12.7 mm) in diameter was 0.12--1.79 mm(mean±SD, 0.41±0.32 mm) \[[@b36-cmh-2019-0016]\]. Therefore, GS slurry approximately 0.2 mm in diameter crushed by a pumping method is mainly used in ultraselective cTACE \[[@b5-cmh-2019-0016]-[@b8-cmh-2019-0016],[@b25-cmh-2019-0016]\] because only 1- and 2-mm GS particles(Gelpart; Nippon Kayaku, Tokyo, Japan) are commercially available in Japan.

After the advancement of a microcatheter in the tumor-feeder, 0.5 mL of 2% lidocaine (Terumo, Tokyo, Japan) is injected through the microcatheter to prevent pain and vasospasm \[[@b5-cmh-2019-0016]-[@b8-cmh-2019-0016]\]. Then, iodized oil emulsion dissolved with 1-2 chemotherapeutics (doxorubicin\[Adriacin; Aspen Japan, Tokyo, Japan\], epirubicin \[Farmorbicin;Pfizer, Tokyo, Japan\], cisplatin \[IA-call; Nippon Kayaku\], mitomycin C \[Mitomycin; Kyowa Hakko Kirin, Tokyo, Japan\], or miriplatin\[Miripla; Dainippon Sumitomo, Osaka, Japan\]) is slowly injected, followed by GS slurry. Although there are no standard techniques for preparing iodized oil emulsion, we usually mix 2--10 mL of iodized oil with contrast medium one-third the quantity of iodized oil that dissolves 10--30 mg of epirubicin and 2--6 mg of mitomycin C by a pumping method \[[@b7-cmh-2019-0016]\]. The endpoint of iodized oil injection is portal vein visualization adjacent to the tumor (grade 1) \[[@b5-cmh-2019-0016]\], not marked portal vein visualization in the whole embolized area(grade 2) \[[@b5-cmh-2019-0016]\], because iodized oil in the tumor and embolized area is pushed into the portal vein by GS slurry injection and widely distributes into the whole embolized area, frequently beyond the embolized area. As a result, grade 2 visualization can be achieved([Fig. 4](#f4-cmh-2019-0016){ref-type="fig"}) \[[@b8-cmh-2019-0016]\]. Before the start of GS slurry injection, iodized oil in the arteries should be flushed by saline from the arterial lumen. The endpoint of GS slurry injection is complete occlusion of the tumor-feeder. If the volume of GS slurry in the microcatheter lumen is excessive and easily overflows, it can be aspirated using a 2.5-mL syringe.

TECHNICAL TIPS FOR EFFECTIVE ULTRASELECTIVE cTACE
=================================================

Selection of a microcatheter
----------------------------

The smaller-sized microcatheter facilitates selective catheterization into the tiny tumor-feeder and more distal advancement into the tortuous tumor-feeder. In addition, an angled-tip microcatheter can easily traverse the kinked vessel portion along a microwire compared with a straight-tip microcatheter. Now, we use a 1.5-F tip microcatheter with an angled-tip (Asahi Veloute Ultra; Asahi Intecc, Nagoya, Japan) in most ultraselective cTACE procedures([Fig. 2](#f2-cmh-2019-0016){ref-type="fig"}, [3](#f3-cmh-2019-0016){ref-type="fig"}). In addition, using steam to bend the microcatheter tip into J-shape is also useful for selective catheterization into a small vessel arising at an acute angle \[[@b37-cmh-2019-0016]\].

The order of embolization of each tumor-feeder
----------------------------------------------

In tumors with multiple feeders, the order of embolization of each feeder is key to performing effective cTACE. The main tumor-feeder should be embolized last because dense retention of iodized oil and contrast material obscures the residual tumor stain and other small feeders on digital subtraction angiography (DSA)performed immediately after ultraselective cTACE. In addition, embolic agents injected into the main tumor-feeder are sometimes pushed back by the reversed flow via the minor tumor-feeder \[[@b8-cmh-2019-0016]\]. If the tumor is partially supplied by an extrahepatic artery, the feeding branch from the extrahepatic artery should be embolized first, if possible, because blood supply to tumors from the extra-hepatic artery immediately increases when hepatic arterial flow is blocked \[[@b38-cmh-2019-0016]\].

The distal tumor-feeder should also be embolized first, and the proximal tumor-feeder should be embolized last to avoid inadvertently occluding the distal tumor-feeders with overflowing embolic agents ([Fig. 5](#f5-cmh-2019-0016){ref-type="fig"}) \[[@b8-cmh-2019-0016]\]. However, feeders that are considered difficult to catheterize, such as the caudate artery or tiny tumor-feeders arising from extrahepatic arteries, should be embolized first, because the performance of a microcatheter-microwire system is usually best at the beginning of the procedure.

Technique to inject iodized oil emulsion
----------------------------------------

Iodized oil emulsion should be slowly injected to avoid "oil cast formation" in the arteries. When the flow of the tumor-feeder is unexpectedly stopped before sufficient portal vein visualization, two attempts should be made: injection of 0.5 μg of prostaglandin E1 (Liple; Mitsubishi Tanabe Pharma, Osaka, Japan) or 0.5 mL of 2% lidocaine (Terumo) through the microcatheter to increase arterial flow; and distal advancement of the microcatheter to achieve a "semi-wedged condition" ([Fig. 1](#f1-cmh-2019-0016){ref-type="fig"}) \[[@b5-cmh-2019-0016],[@b7-cmh-2019-0016],[@b8-cmh-2019-0016]\]. The latter technique is recommended, if possible, because it is usually more effective. When the microcatheter is advanced more distally, injection of iodized oil emulsion can be re-started.

Security of the safety margin for treatment
-------------------------------------------

HCC cells form intrahepatic satellite lesions \[[@b39-cmh-2019-0016]\], which are usually non-selective TACE-resistant because of dual arterial and portal blood supply \[[@b3-cmh-2019-0016]\]. Most microsatellite lesions exist in the drainage area of tumor blood that is demonstrated as the corona area on computed tomography (CT) during hepatic arteriography \[[@b40-cmh-2019-0016],[@b41-cmh-2019-0016]\]. The corona area is a high-risk area of intrahepatic metastasis and should be included in the treatment area because tumor cells first spread there before entering the systemic circulation \[[@b41-cmh-2019-0016]\]. Ultraselective cTACE can simultaneously treat the drainage area in most tumors because iodized oil flows into the corona area through the tumor drainage, and the corona area is usually included in the vascular territory of the tumor-feeder \[[@b7-cmh-2019-0016]\]. In some cases, however, the drainage area is supplied by another arterial branch and subsequent selective embolization of this branch is required. Confirmation of the embolized areas using CT or cone-beam CT (CBCT) is useful for determining the endpoint. A safety margin at least 5 mm wide for HCC \<25 mm and 10 mm wide for HCC ≥25 mm should be achieved for each tumor \[[@b42-cmh-2019-0016]\], although the width of the corona is not actually uniform and is thick in places according to the tumor hemodynamics \[[@b40-cmh-2019-0016],[@b41-cmh-2019-0016]\].

CBCT and TACE guidance software
-------------------------------

CBCT is a new technology to obtain CT images during the TACE procedure \[[@b43-cmh-2019-0016]\]. It has been reported that CBCT can improve not only local tumor control but also the prognosis of HCC patients \[[@b42-cmh-2019-0016],[@b44-cmh-2019-0016]\].TACE guidance software, including automated tumor-feeder detection (AFD), is also a novel software using CBCT during hepatic arteriography data that can reduce the physician's workload and improve the treatment accuracy \[[@b45-cmh-2019-0016],[@b46-cmh-2019-0016]\]. Now, we routinely use TACE guidance software (EmboGuide; Philips Healthcare, Best, the Netherlands), and AFD analysis for up to 10 tumors can be completed within approximately 2 minutes ([Fig. 3](#f3-cmh-2019-0016){ref-type="fig"}, [6](#f6-cmh-2019-0016){ref-type="fig"}). When the branch identified by AFD is agreed on a tumor-feeder, we embolize it without performing selective DSA \[[@b13-cmh-2019-0016]\]. This can reduce the procedural time and doses of radiation exposure and contrast material. Based on our recent data, approximately 82% of tumors can be completely embolized with an adequate safety margin without confirmation by DSA and/or CBCT.13 Another advantage of TACE guidance software is that curability and invasiveness can be controlled according to the patient-tumor condition by adjusting the target size \[[@b13-cmh-2019-0016],[@b46-cmh-2019-0016]\]. The 5-year survival rate of 102 patients with 190HCCs ≤7 cm and ≤5 lesions (mean±SD maximum tumor diameter, 25.3±12.3 mm and mean±SD tumor number, 1.9±1.1 lesions) was 60%.13 This indicates that TACE guidance software can improve the therapeutic effects of ultraselective cTACE. Now, we use protype virtual parenchymal perfusion software visualizing embolized areas according to the catheter position \[[@b47-cmh-2019-0016]\]. In our retrospective analysis, the virtual embolization areas and real embolization areas were well correlated. It is expected that this software can improve the accuracy of ultraselective cTACE.

FURTHER DIRECTION OF ULTRASELECTIVE cTACE
=========================================

We believe that the combined use of a small-sized microcatheter and TACE guidance software facilitates transarterial ablation (TAA) for small HCCs including hypovascular tumor portions \[[@b8-cmh-2019-0016]\].Such tumors are usually less hypervascular, and identification of tumor-feeders, as well as tumor staining, is frequently difficult on DSA. On the other hand, TACE guidance software can easily identify the branches supplying not only the tumor but also the safety margin even in early-stage HCC. A small-sized microcatheter enables selective catheterization into the tiny tumor-feeder and complete blockage of both arterial and portal blood flow in the highly limited area including the tumor. As a result, complete necrosis of the tumor and peritumoral liver parenchyma can be achieved regardless of the tumor vascularity ([Fig. 2](#f2-cmh-2019-0016){ref-type="fig"}, [3](#f3-cmh-2019-0016){ref-type="fig"}). We believe that TAA can cure small HCCs and replace surgical resection and radiofrequency ablation in selected patients.
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![Ultraselective conventional transarterial chemoembolization (cTACE) for small hepatocellular carcinoma. (A) Arteriogram of a branch of A3 showed tumor stain supplied by the tortuous tumor-feeder. (B) First, iodized oil emulsion was injected into the proximal portion of the tumor-feeder, but the arterial flow was stopped before sufficient portal vein visualization with iodized oil. (C) So, the injection was stopped and the microcatheter was advanced more distally. Thereafter, iodized oil emulsion was re-injected. (D) During ultraselective cTACE, portal veins were markedly opacified with iodized oil. (E) Unenhanced computed tomography (CT) performed 1 week after ultraselective cTACE showed dense iodized oil accumulation in the tumor (arrow). (F) Arterial phase CT performed 2 years and 6 months after ultraselective cTACE showed no tumor recurrence.](cmh-2019-0016f1){#f1-cmh-2019-0016}

![Ultraselective conventional transarterial chemoembolization (cTACE) for hepatocellular carcinoma (HCC) with extracapsular and microvascular invasion. (A) Arterial phase computed tomography (CT) showed a hypervascular HCC with hypovascular extracapsular invasion (arrow) in segment 8. (B) Hepatobiliary-phase of gadoxetate disodium-enhanced magnetic resonance imaging also showed extracapsular invasion (arrow). (C) Cone-beam CT (CBCT) during arterial portography showed microvascular invasion around the tumor (arrows). (D) Celiac arteriogram showed tumor stain supplied by two feeders (arrows). (E, F) Each feeder was selectively embolized using a 1.5-F tip microcatheter and portal veins were markedly opacified during ultraselective cTACE. (G) Unenhanced CT performed 1 week after ultraselective cTACE showed dense iodized oil accumulation in the entire tumor including the hypovascular tumor portion. (H) Serial CT images showed that the tumor has remained well controlled 10 months after ultraselective cTACE. Iodized oil was also retained in the normal liver parenchyma (arrows), indicating hepatic necrosis. mo, months.](cmh-2019-0016f2){#f2-cmh-2019-0016}

![Ultraselective conventional transarterial chemoembolization (cTACE) for hypovascular hepatocellular carcinoma. (A) Arterial phase computed tomography (CT) showed a hypovascular tumor in segment 4 (arrow) near the previously embolized tumor (arrowhead). (B) The tumor showed hyperintensity on diffusion-weighted magnetic resonance imaging (MRI) and hypointensity with a hyperintense rim on hepatobiliary-phase of gadoxetate disodium-enhanced MRI. (C) Common hepatic arteriogram showed no tumor staining. (D) TACE guidance software identified two tumor-feeders. (E, F) Each branch was selectively embolized using a 1.5-F tip microcatheter. The arrows indicate the tumor. (G) Unenhanced CT performed 1 week after ultraselective cTACE showed iodized oil accumulation in the entire tumor. (H) Arterial phase CT performed 1 year and 2 months after ultraselective cTACE showed complete tumor necrosis. DWI, diffusion-weighted image; HBP, hepatobiliary-phase.](cmh-2019-0016f3){#f3-cmh-2019-0016}

![Iodized oil emulsion should be slowly injected to avoid "oil cast formation" in the arteries. The endpoint of iodized oil emulsion injection is grade 1, not grade 2, because because iodized oil in the tumor and embolized area is pushed into the portal vein (PV) by gelatin sponge (GS) slurry injection and widely distributes into the whole embolized area, frequently beyond the embolized area. As a result, grade 2 visualization can be achieved. The endpoint of GS slurry injection is complete occlusion of the tumor-feeder. Modified from Miyayama and Matsui.[@b7-cmh-2019-0016]](cmh-2019-0016f4){#f4-cmh-2019-0016}

![The order of embolization of each feeder. (A) Arteriogram of the anterior segmental artery of the right hepatic artery showed a tumor supplied by three tumor-feeders (arrows). (B-D) Each tumor-feeder was selectively embolized from distal to proximal to avoid inadvertently occluding the distal tumor-feeders with overflowing embolic agents. (E) Unenhanced computed tomography (CT) performed 1 week after ultraselective conventional transarterial chemoembolization (cTACE) showed dense iodized oil accumulation in the tumor. (F) Arterial phase CT performed 10 years and 4 months after ultraselective cTACE showed that the tumor has remained well controlled.](cmh-2019-0016f5){#f5-cmh-2019-0016}

![Cone-beam computed tomography (CBCT) and transarterial chemoembolization (TACE) guidance software. (A) Arterial phase computed tomography (CT) showed 3 small hepatocellular carcinomas in the right hepatic lobe (arrows). (B-D) CBCT during arterial portography (CBCTAP) and dual-phase CBCT during hepatic arteriography (CBCTHA) could depict all tumors. (E) Common hepatic arteriogram showed two faint tumor stains (arrows). However, the tumor-feeders were unclear. (F) TACE guidance software identified the feeders of each tumor. (G-L) Each tumor-feeder was selectively embolized. One branch (Fig. 6I) was not detected by TACE guidance software, but it was embolized on our decision. (M) Unenhanced CT performed 1 week after ultraselective conventional TACE showed dense iodized oil accumulation in all tumors with a sufficient safety margin.](cmh-2019-0016f6){#f6-cmh-2019-0016}
